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DUPLICATE 



The invention relates to transgenic cells comprising nucleic add molecule* which 
comprise nucleic acid sequences which encode enzymes Involved fax the biosynthesis 
5 ofn-3ftttyaeids. 

DHA* an example of a n-3 fitfty acid can be obtained directly £tam the diet or 
derived from metabolism of dietary linoleic and oe-linolenio acid. To obtain 
sufficient amounts of this fatty acid humans have to eat foods rich in DHA. 

10 Currently die principle dietary source of DHA is fish or fish oiL However, lids has 
many inherent problem*; fish accumulate pollutants, the extracted oil has an 
unpleasant odour, there is a difficulty in controlling the proportion of specific 
desirable fatty acids from this source and since fish are a declining resource the 
maxket demand for DHA is not being met. Also, vegetarians do not have an obvious 

IS alternative food source to fish and therefore either do without DHA or harve to take 
pure supplements. 

Long chain polyunsaturated fatty acids (LPUFAs) axe derived from the essential fatty 
acids (EPA) Unoleic acid (18:2oO and c^lmolenic acid (lS:3n-3), the parent 

20 compounds of the so-called omega-3 and omegartf EPA families by an alternating 
series of desaturatfon and elongation reactions (Haag, 2001), see Figure 4. The mgor 
metabolite product of the pathway in mammals is arachidonic acid (AA> (20:4n- 
6), whilst the maj or end products of the n-3 pathway axe eico sapentaenoic acid (EPA) 
(20;5n-3) and dooosahexaenoic acid (DHA, 22:6n-3). The biosynthesis of 18:3n-3 

25 from 18:4n-3 involves the action of a A6 desaturase (Horrobin DF, 1992). This is 
followed by an elongation reaction to 20:4a-3 (Sprechcr et aJ., 1995) and a A5 
desatuxatioa to 20;5n-3 (Sprecher et al., 1995). The conventional view is that there is 
then a farther elongation step converting 20:5n-3 to 22:Sn-3, which is then followed 
by a final desaturation step involving the activity of a A4 desahxrase to produce DHA 

30 (22:6n-3). 
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Daring evolution humans have oonsumed a diet containing approximately equal ratio 
of n-3 and n-6 essential fetty adds (1-2:1), but the last 100-150 years has seen a 
growing trend in Western diets towards the consumption of more n-6 fetty colds, 
resulting in an alteration of fee ratio to 30:1 (Simanpolons. 1999). Whilst an 
5 increased Intake of n-6 fatty aoids is characterised by cardiovascular problems such 
as increased blood viscosity, vasospasm and vasoconstriction, the n-3 fetty aoids are 
associated whh health promoting properties, For example n-3 fetty acids have been 
described aa anti-inflammatory antithrombotic, antiarrhythmic, hypolipidemic and 
vasodilatory (Simcmpolous, 1999)* As such the role of DHA in the prevention and/or 
10 treatment of diseases such as coronary heart disease, hypertension, type H diabetes, 
ocular diseases, arthritis , cystic fibrosis and schizophrenia and has been the focus of a 
great deal of medical research. 

The effect of n-3 polyunsaturated fetty acids in the cardiovascular diseases has shown 
15 that dietary intake of DHA can lower the risk of myocardial inferctfoa* hypertension 
and complications associated with cardiac surgery. A number of population studies 
have correlated the dietary intake of DHA with cardiovascular risk factors. For 
instance, a study of a population of faults in Canada (426 subjects aged 18-74 yr), 
who traditionally consume large amounts of marine foods rich in n-3 fetty acids, 
20 showed feat n-3 fetty adds, such as DHA were positively associated whh HDL- 
oholesterol concentrations and inversely associated wife triacylglycerol 
concentrations and the ratio of total to HDL cholesterol (Dewallly et al., 2001), It 
was concluded that the high dietary intake of n-3 fetty acids in fee Bruit diet was 
probably responsible for the low mortality rate fiom Ischemic heart disease in this 
25 population. 

Essential fetty acids are structural components of all tissues and are indispensable for 
cell membrane synthesis. The brain, retina and other neural tissues have been found 
to be particularly rich in DHA, where it is involved in neural development and 
30 maturation of sensory systems (Uauy et al t 2000), A large body of research 
comparing infests fed wife breast milk compared to formula milk, which is deficient 
in DHA and other omega 3- fetty adds, has concluded feat the presence of DHA is 
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critical during the development of the newborn (Horrocks et o/.,1999). DHA forms 
25% of the fatty acid complement of the glyco sphingoids of the brain and is an 
important component of the tods of the retina, and therefore a deficiency In DHA 
during Infant development has been associated wtth a reduction in cognitive function 
5 and visual acuity. Furthermore, deficiencies in DHA have been associated with foetal 
alcohol syndrome, attention deficit hyperactivity disorder, cystic fibrosis, 
phenylketonuria and adrenoleukodystrophy. 

To meet this increased demand for n-3 fifty adds such as DHA a number of 
10 approaches have been attempted. Methods to enhance the DHA content of meat by 
manipulating animal feed have been met with little success. The cultivation of marine 
micro-organisms such as the Crypthecodtnlwn cohmi and Sohizochyttium sp, which 
are rich sources of DHA has also met with some limited success as die cultivation of 
algae is technically demanding and costly (A$hfbrd et at. % 2000). 

15 

There has been limited research focused on the identification of genes involved in 
the biosynthesis of n-3 fatty acids In algae. In one report the identification of a cDNA 
encoding a novel CI 8- A* polyunsaturated fatty acid-specific elongating activity from 
the docosahexaenoic acid (DHA>-prodbcing microalga, Isochrysis galbana was 
20 described (Qi et al, 2002)* This 30 fcDa elongase, designated IgASEl, shares only 
limited homology to animal and fungal proteins with elongating activity. When 
IgASEl was expressed in the yeast Saccharotnyces cereyisiae^ it was shown to 
specifically elongate die CIS- A 9 polyunsaturated fatty acids, linoleic acid (C18:2n- 
6, A W2 andalitfia^ A m,5 ),to eteosadienoto acid (C20:2, A n#M ) 

25 and eicosatrienoio acid (C20:3 A u,14>, ')j respectively. It was concluded that a major 
route for aicosapenlaenoio acid (C20;5 a 5,8,11 * 14 * 17 ) and docosahexaenoic acid 
(C22:6 a 4 - 7 * 10 ' 13 - 16 ' 1 *) syntheses in /. galbana may involve a A* desatutation pathway. 
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A6 and A5 desaturasea are microsomal enzymes that are thninght to be a component 
of a three-enzyme system that includes NADH-cytoohromc by reductase, cytochrome 
b s , and the respective desaturase (Spreoher,1981). 

5 A number of A6 and A5 desarorases have been identified. la plants such as the herb, 
borage (Borago officinalis), the A6 desaturase has been identified (Sayanova et al~> 
1997). A6 and AS desaturases have been identified in humans (Hyekyung et al., 1999 
and Cho et al., 1999, respectively), in animals such as the nematode; Caenorhabdltis 
elegans (Michaelson et al, 1998 and Napier et al, 1998) and in eukaryotie 

10 microorganisms such as the fungusMortferella alptna (Huang et al., 1999 and 
Knutzon et al., 1998). In the human, AG and A5 desaturase activities have been found 
in skeletal muscle, lung, placenta, kidney end pancreas, but are expressed at the 
highest levels in the liver, brain and heart (Hyekyung et al„ 1999). In all these tissues 
however, A6 desaturase activity was found to be higher than mat of AS desaturase. 

IS The genes for both of the enzymes reside on chromosome 11, tax a reverse ori ent a tio n, 
being separated by <1 1,000 base pairs (Hyekyung ef a/., 1999). A A4 desaturase that 
can introduce a double bond at position 4 of 22:5 n-3 and 22:4 n-6 resulting in the 
production of DHA and docosapentanoic acid has been identified in the marine fungi 
Thraustochtytrhan sp (Qiu etal., 2001). 

20 

Cellular storage of fatty acids in triacylglycerol requires that the fatty acids are first 
activated to their acyl-CoA esters through the action of acyl-CoA synthetase enzyme. 
Acyl-CoA's are produced by acyi-CoA synthetase from fatty add, ATP and 
Coenzyme A. Acyl-CoA synthetases can exhibit substrate specificity for different 
25 chain length or different degrees of saturation of the fatty acid. For example an 
artchidonate (20:4 n^pteferring acyl-CoA synthetase has been identified in rat 
(Kang et al., 1997). This enzyme has a high affinity for arachidonate and EPA and 
low affinity for palmimte. Several isofbrms of acyl-CoA synthetases have also been 
identified in Arabidopsts (Schnurr et al., 2000). 

30 
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Aeyi CoA;diacygtycerol acyltransferase (DGAT) catalyses the final eoaymatio step 
in the production of triaoylglyccrols in plants, ftmgi and * mfrn™iV . The etyme is 
responsible for transferring an acyl group from scyl-CoA to the position of 1,2- 
diacylglycerol (DAO) to form triaoylglyccrol (TAG). The first cloning of a DGAT 

S gene was fiom mourn (Cases ef at.. 1998). An Arabtcbpsis bomologne of the moose 
DGAT gene was subsequently reported and found to be present as a single copy gene 
(Hobbs et al u 1999), Jako et aL, (2001) showed that the Arabtdopsts Tagl mutant 
which is disrupted in the DGAT gene and has a fatty acid and reduced oil phenotype 
can be complemented by expression of the DGAT cDNA. Jako et al., (2001) also 

10 showed that seed-specific ovewnepresstan of the DGAT cDNA in wild-type 
Arabidopsis enhances oil deposition and average seed weight thus confirming the 
Important role of DGAT in regulating the quantity of seed triaoylgjyceiols and the 
sink size in developing seeds. Protein purification based studies on the oleaginous 
fhngus Mortierelto ramanniana resulted in the identification of a second class of 

15 proteins involved in TAG production thai ate encoded by the DGAT2 gene femity 
tibial are imraTmH to the previously identified DQAT1 gene family (Lardtobal et al., 
2001). A human homologue of the Mortierella tamcmnlana DCAT2 gene has been 
also been identified (Cases et al. p 2001). Substrate specifities of the different families 
have yet to be determined. 

20 

Whilst higher plants do not typically biosynthesis LPUFAs such as DHA, they are 
an attractive target for genetic manipulation, particularly the low cost production of 
DHA in the vegetable oil of a crop such as oilseed rape. There have been no reports 
of higher plants thai biosynthesis© DHA, a nxnnbeor of attempts to introduce algal 
25 genes in order to manipulate the biosyrrthetic capacity of oil seed plants that produce 
LPUFAs have been reported. These have included the introduction of desaturases 
into transgenic plants to increase the production of DHA, EPA and also stearidenic 
acid(18:4n-3). 

30 We herein disclose nucleic acid molecules which encode enzymes involved in n-3 
fatty acid metabolism and the manipulation of these sequences and the biochemical 

5 
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pathways which. comprise enzymes encoded by these sequences, to provide an 
alternative dietary source of n-3 fatty acids and, In particular, DHA The sequences 
encode n-3 fatty acid elongc^desanirase, acyl CoA synthetase and dlecylglycerol 
aoyltransfcrase activities. 

5 

According to an aspect of the invention there is provided a transgenic cell comprising 
a nucleic acid molecule comprising a nucleic acid sequence selected from the group 
consisting of. 

(i) a DNA molecule consisting of a DMA sequence as represented in 
10 Figures la. lb or lc? 

(ii) a DMA molecule which hybridises to the sequences Identified in (i) 
above and which encode a polypeptide which has fatty acid elongase 
activity; and 

(In) DNA molecules consisting of DNA sequences that are degenetate as a 
15 result of the genetic code to the DNA sequence defined in (i) and (ii) 

m a preferred embodiment of fee Invention said nucleic acid molecule anneals under 
stringent hybridisation conditions to the sequences described in (ii) and (iii) 
above. 

20 „ 

Stringent hybridisation/washing conditions are well known in the art. For example, 

nucleic acid hybrids that are stable after washing in 0.1xSSC,0. 1% SDS at 60*C. It is 

well known in the art that optimal hybridisation conditions can be calculated if the 

sequence of the nucleic acid is known Typically* hybridisation conditions uses 4-6 

25 x SSPE <20x SSPE contains 175.3g NaCl. S8-2g NaHfePO* H a O and 7.4g EDTA 
dissolved to 1 litre and the pH adjusted to 7.4); 5-1 Ox Denhardts solution (SOx 
Denhardts solution contains 5g FicoU (Type 400, Pharmacia), 5g 
polyvinylpyrrolidone and 5g bovine serum albumen); 100ug-1.0mg/ml sonicated 
salmon/herring DNA; 0.1-1.0% sodium dodecyl sulphate; optionally 40-60% 

30 deionised foimamide. Hybridisation temperature will vary depending on the GC 
content of the nucleic acid target sequence but will typically be between 42°- 65° C. 
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In a preferred embodiment of Hie invention said nucleic acid molecules a» Isolated 
from an algal species. 

Preferably said algal species is selected from the group consisting of: AmphUHrdum 
5 ccrterae, Amphiphora faaHna, Amphtphora sp., Chaetoctros gracilis, Cosctnodiscus 
sp*> Crypthecodinium eohrtii, Cryptomonas sp., Cylindrotheca fustfbrmts, Hastea 
ostreatia, Isochrysis galbana, Narmochhropsls ocujata, Navicula sp, Nitzschia 
ctosierium, Pavlova luthert, Phaeodactyhttn tricornutum, Prorocentrum minimum* 
Rhbvsolenia setigera* Sketetonema castatum, Skeletonem* sp., Tettaselmis 
10 tetrathele, Thalasstosira nitzsohtoides, Thalasslostra hsterophorma, Thafassiostra 
pseudonarta, Thdlassiastra steUarls. 

J& a further preferred embodiment of the invention said polypeptide is a variant 
IS polypeptide and comprises the amino acid sequence represented in Figure 2a, 2b, or 
2c which sequence has been modified by deletion, addition or substitution of at least 
one amino acid residue wherein said modification enhances the enzyme activity of 
said polypeptide. 

20 A variant polypeptide may differ in amino acid sequence by one or more 
substitutions, additions, deletions, truncations which may be present in any 
combination. Among preferred variants are those that vary from a reference 
polypeptide by conservative amino add substitutions. Such substitutions are those 
that substitute a given amino add by another amino add of like characteristics. The 

25 following non-limiting list of amino adds are considered conservative replacements 
(Similar): a) alanine, serine, and threonine; b) glutamic acid and aspaxtio add; c) 
aspaxagine and gtatamine d) arginine and lysine; e) isoleuoine, leucine, methionine 
and valine and f) phenylalanine, tyrosine and tryptophan. Most highly preferred are 
variants which retain or enhance the same biological function and activity as the 

30 reference polypeptide from which it varies. 
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A Emotionally equivalent porypcptldc(i) according to the invention is a variant 
wherein one in whioh one or more amino add residues arc substituted with conserved 
ox non-conserved amino acid residues, or one in which one or more amino add 
residues includes a sobstituent group. Conservative substitutions are the 
5 replacements, one for another, among the aliphatic amino adds Ala, Val, Leu and lie; 
interchange of the hydroxy! residues Ser and Thr. exchange of the acidic residues 
Asp and Ohi; substitution between amide residues Asn and Gin; exchange of the 
basic residues Lys and Arg; and replacements among aromado residues Phe and Tyt. 



Ja addition, the invention features polypeptide sequences having at least 75% identity 
10 with the polypeptide sequences as herein disclosed, or fragments and functionally 
equivalent polypeptides thereof. In one embodiment, ihe polypeptides have at least 
85% Identity, more preferably at least 90% identity, even more preferably at least 
95% identity, still more preferably at least 97% identity, and most preferably at least 
99% identity with the amino add sequences illustrated herein. 

15 

Ideally said modified polypeptide has enhanced fatty add elongase activity 



In a further preferred embodiment of the invention said polypeptide comprises the 
amino add sequence represented in Figures 2a. 2b or 2c. Preferably said polypeptide 
20 consists of the amino acid sequence represented in Figures 2a, 2b or 2c. 



25 



According to a further aspect of the invention there is provided a vector inctading at 
least one nucldo add molecule wherein said nucleic acid molecule is selected from 
tine group consisting of: 



i) a DNA molecule consisting of a DNA sequence as represented in 
Figures la, lb or lc; 

ii) a DNA molecule which hybridises to the sequences identified in CO 
above and which encode a polypeptide which has fatly add elongase 

30 activity; and 
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iii) DNA molecules consisting of DNA sequences that art degenerate as a 
result of the genetic code to the DN A sequence defined in (i) and (il) 

A vector Including nucleic add (s) according to the invention need not fnolnde a 
5 promoter or other regulatory sequence, particularly if the vector is to be used to 
introduce the nucleic frcid into cells for recombination into the genome for stable 
trans&ction* 

Preferably the nuclei© add In die vector is operably linked to an appropriate promoter 
10 or other regulatory elements for transcription in a host cell such as a piokaryotic, (eg. 
bacterial), or eukaryotic (eg. frugal, plant, mammalian or insect cell). The vector 
may be a bMfanctional expression vector which Amotions in multiple hosts. In the 
example of nucleic acids encoding polypeptides according to the invention this may 
contain its native promoter or other regulatory elements and in the case of cDNA this 
IS may be under the control of an appropriate promoter or other regulatory elements for 
expression in the host cell. 

By "promoter" is meant a nucleotide sequence upstream from the transcriptional 
initiation site and "which contains all the regulatory regions required for transcription. 
20 Suitable promoters include constitutive, tissue-specific, inducible, developmental or 
other promoters for expression in plant cells comprised hi plants depending on 
design. Such promoters include viral, fbngal, bacterial, animal and plant-derived 
promoters capable of functioning in plant cell*. 

25 Constitutive promoters include, for example CaMV 35S promoter (Odell et at (1985) 
Natuw 313, 9810-812); rice aetin (McElroy et at (1990) Plant Cell 2: 163-171); 
ubiquitin (Christian et at . (1989) Plant Mo!. BioL 18 (675-689); pEMU (Last et al 
(1991) Theor Appl. Oenet. 81: 581-588); MAS (Velten et al (1984) EMBO J. 3. 
2723-2730); ALS promoter (U,S, Application Seriei No. 08/409,297), and the like. 

30 Other constitutive promoters include those in U.S. Patent Nos. 5,608,149; 5,608,144; 
5,604,121; 5,569,5975 5,466,785; 5,399,680, 5,268,463; aad 5,608,142. 
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Chemical-regulated promoters can be used to modulate the expression of a gene in a 
plant through the application of an exogenous chemical regulator. Depending upon 
me objective, the promoter may be a chemleal-mduclble promoter, where application 
5 of the chemical induced gene expression, or a chenilcal-represslble promoter, where 
application of the chemical represses gene expression. Chemical-induclble 
promoters are known in the art and include, but are not limited to, the maize Io2-2 
promoter, which is activated by benzenesulfanamide herbicide safeners, the maize 
GST promoter, which is activated by hydrophobic elcctrophilio compounds that are 
10 used as pre-emergent herbicides, and the tobacco PR-la. promoter, which is activated 
by salicylic add. Other chemical-regulated promoters of interest include steroid- 
responsive promoters (see, for example, the glucocorucoid-induciblc promoter in 
Schena et al (1991) Proc. Natl. Acad. Sd USA 88: 10421-10425 andMcHellie et al. 
(1998) Plant J. 14(2): 247-257) and tetiacyolme-indncftle and tetracycHne- 
15 repressible promoters (see, for example, Gate et at. (1991) M61. Gen. Genet 227: 
229-237, and US Patent Nos. 5,814,618 and 5,789.156, herein incorporated by 
reference. 

Where eaihanced expression in particular tissues is desired, tissue-specific promoters 
20 can be utilised. Tissue-spedfio promoters include those described by Yamamoto et 
al (1997) Plant J. 12(2): 255-265; Kawamata et al (1997) Plant Cell Physiol. 38(7): 
792-803; Hansen et al (1997) Mol. Gen, Genet 254(3): 337-343; Russell et ah 
(1997) Transgenic Res. 6(2): 157-168; Rinehatt et al (1996) Plant Physiol. 112(3): 
1331-1341; Van Camp et at (1996) Plant Physiol 1 12(2): 525-535; Canevascai et al 
25 (1996) Plant Physiol. 112(2): 513-524; Yarnarnoto et al (1994) Plant Cell Physiol. 
35(5): 773-778; Lam (1994) Results Probl. Cell Differ. 20: 181-196; Orozco et al 
(1993) Plant Mol. Biol. 23(6): 1129-1138; Mutsuoka et al (1993) Proc. NatL Acad. 
ScL USA 90(20): 9586-9590; and Guevara-Garcia et al 0993) Plant J. 4(3): 495-50. 



10 



NO. 499 P. 



5 



10 



15 



20 



25 



30 



pretW euO*>dunent of the invention said tissue ^ fc a 

~r wtueh is active during the ecournulation of oU in doveloplngTseeds J 
Broun a/ «/, (1998) Plant J. 13(2): 201-210. ^ ** 

, ^^ U t d ;™ aS *** » * same nucleic acid molecule, ^ 
positioned and oriented ft* transcription to be initiated from the ™,aL rJI 
Opcrably linked to a promote, is 'hinder fmn^ Jr?. „ - 
promoter. ^ F transcriptl0nal notation regulation" of the 

In a preferred embodiment the promoter is an w,.<hm a 

. Pooler is an Inducible promoter or a 

1 promoter. 



Particular vectors are nncleio acid oonstniota 

^ 3 maa constructs which operate as plant vectora. Specific 

procedures and vectors previously used with ™A» , 
, ^ . ^ usca wim wide success upon plants are described 

P*»Phmoinoto, cUomU&ron, mabo^ ge*,^ ,^13? 



Alternatively, or in addition, said vectors are „■_,., ^ 

ta.js- "W» are vectors ratable for mammalian cell 

HT^T"^^ ^^^^emulu-copy vectors^ 

^ ***** Alternatively yeast CEN vectors and 
^^asYIP vectors are suitable for transformation of yeast 
speces such as Saccharorrvces c^evisiae and Pfcftte spp. 

It will be apparent to one skilled in the art that a vector a „ ~r 

a-L.iA,. , . . ™ a vector Wording to the invention 

«wy include nucleic acid molecules eneodi«* jtwh,. 

53 BDCOdmg Afferent eo^yme activities to facilitate 
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the delivery of different enzyme activities to a transfected or transformed cell to 
reconstitute enzymic pathways. 

In a preferred embodiment of the invention said cell is transformed -with nuoleio acid 
5 molecules selected from the group consisting of nucleic acid sequences encoding 
elongase and desatuiaso and/or aoyl-CoA synthetase and/or diacylglyoerol 
acyitranaferase activities to provide a cell in which at least part of a 3-n fitly acid 
biosynthetic pathway Is reconstituted. 

10 In a further preferred emlxidlment of the invention said cell is transfected with a 
nucleic add molecules selected from the group cornprbing nucleic add sequences 
selected from tho group consisting of. 

I) a DNA molecule consisting of the DNA sequence as represented in 

Figures la, lb ox lo; 

15 u) DNA molecules which hybridise to the sequences identified in a) 

above and which encode a polypeptide which has fatty add dongase 
activity; and 

iii) DNA molecules comprising DNA sequences that are degenerate as a 
result of the genetic code to the DNA sequence defined in (i) and (ii); 

20 combined with at least one of the nucleic acid molecules selected from 

tha group cons i sting of, 

iv) DNA molecules consisting of DNA sequences as represented in 
Figures 3a, 4a, Sa or 6a; 

v) DNA molecules which hybridise to the sequences identified in <?v) 
25 above and which have desatorase, acyl-CoA synthetase or 

diaoylglyeerol acyitranaferase activity; 
vi) DNA molecules comprising DNA sequences that are degenerate as a 
result of the genetic code to the DNA sequence defined in (iv) and (v) 
above. 

30 
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In a preferred embodiment of the Invention said cell is selected from the group 
consisting o£ mammalian cells (e.g Chinese Hamster Ovary cells); yeast cells (c,g. 
Sacckarornyws spp, Pichta spp); algal oells (e.g Phaeodactylum tricornutum, 
ChJamydomonas rexnhardtii ); plant cells. 

5 

In a preferred embodiment of the invention said cell Is a plant cell. 

According to a Anther aspect of the invention there is provided a plant comprising a 
cell according to the invention. 

10 

In a preferred embodiment of die invention said plant is selected from: com (Zea 
mqys\ canola (Brassica nqpus, Brassica rapa asp.), flax (titmm usitattsstiman\ 
a lfalfa (frfedtcago sativa), rice (Oryza satrva\ rye {JSecalt cwote), sorghum (/Sorghum 
btcolor. Sorghum vulgar*), sunflower (Helianthus annus), wheat (Tritium OBsttvum)* 

15 soybean (Glycine max), tobacco Qficottana tabacum\ potato (Solomon tuberosum), 
peanuts (Arachls hypogaea\ cotton (Gossyplim hirsutum), sweet potato (Jopmoea 
batatas), cassava (MariLhot esculentd), coffee (Cofea spp.), coconut (Cocos nucffera)> 
pineapple (Anana comosus), sitris tree (dttus spp.) cocoa (Theobroma cacao), tea 
(Camellia sinensis)* banana (Musa spp.), avacado (Ptrsea amertcana), fig (Ftcus 

20 casica\ guava (Psidium guqfava), mango (Mangtfer todica), oHve (Olea europaea\ 
papaya (Carica papaya), cashew (Anacardiutn occidentals), macadanria (Macadamia 
intergrtfbtta), almond (Prums amygdalus), sugar beets (Beta vulgaris), oats, barley, 
vegetables and ornamentals. 

25 Preferably, plants of the present invention are crop plants (for example, cereals and 
pulses, maize, wheat, potatoes, tapioca, rice, sorghum, millet, cassava, barley, pea), 
and other toot, tuber or seed crops. Important seed crops are oil-seed rape, sugar 
beet, maize, sunflower, soybean,sorgfrum, and flax (linseed). Horticultural plants to 
which die present invention may be applied may include lettuce, endive, and 
30 vegetable brassies* including cabbage, broccoli, and cauliflower. The present 
invention may be applied in tobacco, cucurbits, carrot, strawberry, sunflower, tomato, 
pepper. 
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Grain plants that provide seeds of interest include oil-seed plants and leguminous 
plants. Seeds of interest include grain seeds, such as com, wheat, barley, rioo, 
sorghum, rye, etc. Oil-seed plants include cotton, soybean, safllower, sunflower, 
5 Brasalca, maize, alfelfe, palm, coconut, etc. Leguminous plants include beans and 
peas. Beans include guar* locust bean, fenugreek, soybean, garden beans, cowpea, 
muogbean, lima bean, fiiva been, lentils, chickpea, etc. 

It will be apparent that transgenic plants adapted for the production of n-3 fitty 
10 acids, in particular DHA, oan either be eaten directly or used as a source tot the 
extraction of essential fatty add, of which DHA would be a constituent 

According to a yet further aspect of the invention there is provided a seed 
comprising a cell according to the invention* 

15 

In a fUrther pteferred embodiment of the invention said cell is a yeast cell, preferably 
of the genus Saceharomyces spp> preferably Brewer's yeast Saceharomyces 
cerevisiae. 

20 The genus Saceharomyces spp is used in both brewing of beer and wine making and 
also aa an agent in baking, particularly bread. Yeast is a major constituent of 
vegetable extracts of which Marrnitc* 1 is atypical example. Yeast is also used as an 
additive in animal feed. It will be apparent that genetically engineered yeast strains 
can be provided which are adapted to synthesize n-3 fetty acids. These yeast strains 
25 can then be used in food stuffs and in wine and beer making to provide products 
which have enhanced n-3 fetty add content and in particular DHA content 

According to a ftirther aspect of the invention there is provided a foodstuff product 
comprising a yeast cell according to the invention. 

30 
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Iti a preferred embodiment of the invention said foodstuff product ia selected from 
file group consisting oft wine; beer; bread, baking products (e& bread, cake); 
vegetable extracts, 

5 In a flrther preferred embodiment of the invention said wine or beer in non- 
alcoholic 



According to a flirfher aspect of the invention there is provided a fermentation 
process comprising a yeast cell according to the invention. 

10 

In a preferred embodiment of the invention said fermentation process comprises the 
Steps of: 



0 providing a vessel containing a yeast cell according to the invention and 
15 constituents required for fermentation end fetty add biosynthesis; and 

u) providing conditions conducive to the fermentation of the liquid composition 
contained in said vessel. 

According to a yet further aspect of the invention there is provided an animal feed 
20 product comprising a cell according to the invention. 

In a preferred embodiment of the invention said cell is a plant cell or yeast cell. 

According to a further aspect of the invention there is provided a method of 
25 modulating the level of n-3 fetty add, in particular DHA, or variants thereof, in a 
plant cell comprising; 



i) providing a plant cell according to the invention; 
U) regenerating the plant cell into a plant; and 
30 iii) monitoring n-3 fetty acid production by said plant 
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According to a flutter aspect of the invention there is provided a method for the 
production and optionally the extraction of n-3 fifty adds, In particular DHA, 
comprising: 

i) providing a cell according to the invention; 

U) providing conditions conducive to the growth of said cell; and 

ill) extracting n-3 fatty acids, or variants thereof; from said celL 

According to a yet further aspect of the invention there is provided a method for tho 
production and optionally the extraction of n-3 fifty acid, particularly DHA, 
comprising! 



i) providing a plant oeH according to the invention; 
u) regenerating said call Into a plant; and 
15 iii) extracting n-3 fatly acids, or valiants thereof from said plant 

According to a further aspect of the invention fiero is provided n-3 fifty acids, 
particularly DHA, or variants thereof, obtainable by the method(s) according to the 
invention. 

20 

In a preferred embodiment of the invention said n-3 fatty acid, or variant thereof, is 
for use as a pharmaceutical. 

In a further preferred embodiment of the invention said n-3 fifty acid, or variant 
25 thereof; is for use In die manufacture of a medicament for use in the treatment of 
conditions which would benefit from administration of n-3 fatty acids, or variant 



In a preferred embodiment of the invention said condition is selected from the group 
30 consisting of: cardiac anhyumua's; rheumatoid arthritis; Crohn's disease; 
schizophrenia; cancer, foetal alcohol syndrome; attention deficient hyperactivity 
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disorder; cystic fibrosis; phenylketonuria; unipolar depression; aggressive hostility; 
adrenoleukodystophy; coronary heart disease, hypertension, type II diabetes, ocular 
diseases. 

5 According to a further aspect of the invention there is provided a non-human 
transgenic animal comprising at least one nucleic acid molecule according to the 
invention* 

According to a yet further aspect of the invention there is provided a reaction vessel 
10 comprising at least one polypeptide according to the invention, fetty acid substrates 
and co-footers characterised in that said vessel is adapted for the conversion of said 
fetty adds substrates to n-3 fetty acids, In particular docosahexaenoio acid. 

In a preferred embodiment of the invention said vessel comprises polypeptides 
15 having clongasc, desaturase, acyl~CoA synthetase and dfecylgiycepol acyitxansferase 
activities to provide a vessel in which, at least part of a 3-n Mty add biosynthctic 
psdxwayisreconstitufBd. 

In a fUtfher preferred embodiment of the invention said polypeptides are those 
20 protein molecules disclosed herein. In particular, protein molecules which, comprise 
the sequences as represented by Figures 2a, 2b, 2c, 3b, 4b, 5b ox 6b. 

hi a preferred embodiment of the invention said at least one polypeptide is expressed 
by a cell according to the invention- 

25 

In a preferred embodiment of the invention said polypeptide^) is/are soluble. 
Alternatively said polypeptides) is/axe immobilised. 

In a further preferred embodiment of the invention said vessel is abioreactor. 

30 
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a will be apparent to one skilled in the art that a polypeptide according to the 
invention has utility with respect to the in vtvo biosynthesis of n-3 fatty acids through 
transfonxurtlon or transaction of nneleic adds encoding said polypeptidXs) Into 
suitable host cells. Fatty acids can then either be extracted ftom said cells or foods 
5 comprising said cells can be eaten. Cells expressing said polypeptide (s) can also be 
incubated under suitable growth conditions to fltoilftate the synthesis of fetty acids. 
Alternatively, said polypeptide (s) can either be purified from an algal cell culture or 
manufactured recombinant^ and used in a bioreaotor to synthesise fetty acids tn 
vitro. It will also be apparent that the Invention involves, inter alia, the reconstitutlon 
10 of st least part of an algal n-3 fetty acid blosynthetic pathway which, dther in a cell 
or tn vitro, provides for a source of n-3 fetty acids which is an alternative to either 
the exploitation of algae in bioreactors or fee consumption offish. 

An embodiment of the invention will now be described by example only and wife 
IS reference to fee following figures: 

Figure la represents the nucleic acid sequence of a nucleic add molecule comprising 
a fifty add dongase TpEL02.1; Figure lb the nucleic add sequence of the fetty add 
dongase TpEL02.2; Figure lo fee nucleic acid sequence of fee fetty add dongase 
20 TpBL02.3;. 

Figure 2a represents the amino acid sequence of TpEL02.1; Figure 2b represents the 
amino add sequence of TpEL02.2; and ; Figure 2b represents fee amino add 
sequence of TpEL02.3; 

25 

Figure 3a represents fee nucleio add sequence of PIDESIi Figure 3b represents fee 
amino acid sequence of PIDES1;. 

Figure 4a represents fee nucleic acid sequence of a middc acid molecule comprising 
30 fetty acid desaturase, P1DES2; Figure 4b the amino acid sequence comprising 
PIDBS2; 
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Figure 5a represents the nucleic acid sequence of a nucleic add molecule comprising 
acyl-CoA synthetase, PlACSl; Figure Sb the amino add sequence comprising 
PIACS1\ 

5 

Figure 6a the roll length sequence of a nucleic add molecule encoding PVDGAT2-I; 
Figure 6b the full length amino add sequence of PIDGAT2-1 polypeptide; end 

Figure 7a is the nucleic acid sequence of PIBLOl; Figure 7b amino add sequence of 
10 P1ELO 1 ; Figure 7o is the nucleic add sequence of P1ELO 2; Figure 7dis the amino 
add sequence ofPlELO 2. 

MATERIALS AND METHODS 

IS 

Cultivation of Pavlova lutheri 

Pavlova lutheri (CCAP 93 1/1) was obtained from the Culture Collection of Algae 
and Protozoa (Dunstarmage Marine Lab., Oban, PA34 4 AD, Scotland, U.K.). 

20 

The growth medium used in all experiments was enriched artificial seawater medium 
(BASWX made up in 20 1 batches as described by Harrison et al (1980), and 
modified by Thompson et of. (1991). The medium was further modified by 
TTtrarcMsing the macronutrient concentrations of NaN0 3 and NaaSi03.9HzO to 1 mM, 

25 and NaHaPOa to 200 uM. The silicate was dissolved separately in deionized distilled 
water and the pH adjusted to approximately 8.0 with. 50% HC1 before it was added to 
the medium. This medium was buffered to pH 8.0 by adding 20 mM N-[2- 
hydroxyethyl]piperazdne^N'-[2-ethariesu]ibnic acid] (HBPES) and 20 mM NaOH. 
The freshly prepared medium was filtered through a 0.22 uM Millipore™ OS 

30 membrane filter into a 20 1 sterile propylene reservoir. It was then dispatched by 0.5 1 
in 1 1 corneal glass flasks and sterilized by autoclaving (30 min, 120°C). The batch 
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cultures wore grown at 15°C with SO uE m"* a' 1 constant illumination, and aeration 
provided by shaking the flaaka at 150 tpm. 

Coll density was monitored by counting cells with a bsemaoytnmeter. Since the 
5 Pavlova lutheri cells are motile, they were first incubated in sodium azide 20 mM to 
immobilise before counting. 

The nitrate concentration was determined periodically during the culture time by 
measuring the change of the medium absorbancc at 220 nm, according to the method 
10 described by CoUos et al (1999). 



IgojarigS of total and nelvTAf UNA from P. hltherf 



The algal culture was harvested by centrifugation at 4,500 rpm for 15 mm. The cell 
15 pellet was suspended in 1 volume of extraction buffer (25 mM Tris-HCl pH 8.0, 25 
mM EDTA pH 8.0, 75 mM NaCI, 1 % SDS v/v, 7.8 % p-mercaptoethanol v/v, in, 
DEPC treated water), and one volume of 25:24:1 phenoltcWorafcmadsoamyl alcohol 
(v/v) was added. After 13,000 rpm centrifugation at 4 °C for 10 min, the aqueous 
phase was transferred to a new tube end 1 volume of 24:1 chlorofonn:isoamyl 
20 alcohol v/v added. After a second round of centrifugation, the upper phase was 
transferred to a fresh tube and LiCl added to a final concentration of 2 M This 
solution was incubated for lbx at -20 °C, and then centrifbged at 13,000 rpm at 4 ft C 
for 15 min The resulting pellet was re-suspended m DEPC treated water and me 
EKA was precipitated by addition of 0.1 volume of 3 M sodium acetate, pH 5.5 and 
25 2.5 volumes of absolute ethanol followed by incubation for 20 min at 4 °C This 
Sample was then centeifuged at 13,000 rpmat4»Cfof 15 min and the resulting pellet 
was washed with 70 % ethanol, dried and re-suspended in DEPC treated water. 
Quantity and quality of the extract were estimated by measuring optical density at 
260 and 280 nm (1 OD. 26 o nm = 40 ug/ml KNA). An aliquot of the extract was also 
30 visualised on a 1 % (w/v) agarose gel containing emidium bromide. 
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For the oDNA library construction, poly(A)* UNA was prepared with the Poly(A) 
Quick® mKHA isolation kit (Stratageae) from cells harvested during the exponential 
phase. 

5 

cDNA library construction and nBhiescrip* ftft^ffll d excision 

Double-stranded, end-adapted cDNA synthesised using a cDNA synthesis kit 
(Stratageno) was passed through a Sepharose CL-2B gel filtration column 

10 (Stxatagene) to remove adapters and small cDNA molecules. cDNA eluted from the 
column was phenol-extracted, ethanol-precipitated and Hgeted to anna of the Uni- 
ZAP XR Vector (Stratagene) befbte packaging into X phage using the CHgapack m 
Oold Packaging Extract (Stratagena), A primary library of 3 X 10 6 plaque forming 
units (pfu) was obtained with the majority of the inserts examined ranging ftom 0.3 

IS to 1,5 kb. The library was subsequently amplified. 

After amplification, the cDNA lihraty was excised using the ExAssistf™ Interference- 
Resistant Helper Phage (Stratagene). The excised phagemids were plated as 
individual bacterial colonies following the manufacturers instructions. The presence 
20 of insert was checked by PGR using universal primers and clones containing cDNA 
longer than 0.2 kb were selected for sequencing. 

geflaaa^M and sequence analysis 

Sequencing reactions were prepared with the ABI Priam Big Dye-Terminator cycle 
25 sequencing kit (PE Applied Biosystcms), using the universal T3 primer, and these 
ware run on an ABI3700 (06-eapilferies) sequencer (PE Applied Biosystems). The 
resulting Expressed Sequence Tags (ESTs) were processed such that all vector 
sequences were removed and farther examined using standard nucleotide sequence 
alignment algorithms in order to identify EST clones with overlapping sequences. 
30 These overlapping sequences were thai assembled into costigs. These contigs were 
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annotated by comparison with the ncrwedundant peptide and nucleotide databases 
available ftom the National Centre for Biotechnology Information (NCBI). The 
NCBI databases had been downloaded to a local Sfliooa Graphics Server which 
allowed the annotation of thousands of ESTs to be performed as a batch Job using the 
5 BLAST 2 sequence alignment algorithm (Altschul et o/„ 1997). 

The PlELOl PIEW2, PIDES1, PIDES2, PUCS1 and PIDOAT2-1 clones were 
identified on the basis of homology with other forty add elongasc/desaturase/acyl- 
CoA synthase or dlaeyi glycerol acyltransferase genes in the NCBI nucleotide and 
10 protein da t abases. 

Functional anarvslB of bv heter ologous expression. 

Functional characterisation of the amino acid sequence encoded by TpELOl.2, 2.2 
and 2.3 will be performed under protocols previously described (Jaworski at al., 
15 2001(or refer to as: US Patent No. 6.307,128);Qi et ah, 2002). To this aim, several 
species of fatty aoid substrates will be considered: saturated (16:0, 18:0, 20:0, 22:0), 
menwmsa±urated(l6:l, 18:1, 20:1) and polyunsaturated (20:4n-6,20:5n-3, 22:5n-3. 

Func tional characterisation of the amino acid sequence encoded by PtDESl and 
20 P1DBS2 will be performed under protocols previously described (Qiu et al., 2001). 
To tins aim, several species of fatty acid substrates will be considered: saturated 
(16:0, 18:0), monounsaturated (16.1, 18:1) and polyunsaturated (l8:2n-6, 183n-3, 
18:3n-6, l8:4n-3; 202n-6, 20-3n-3; 20:3n-6, 20:4n-3, 20:4n-6, 20i5n-3, 22:4n-6, 
22:Sn-3 and 22;Sn-6). 

25 

Functional characterisation of die amino add sequence encoded by PIACS1 will be 
performed under protocols previously described (Kang et al., 1997). To this aim, 
several species of fetty acid substrates will be considered: saturated (8:0, 10:0, 12:0, 
16:0, 18:0, 20:0, 22:0), monounsaturated (14:1, 16;1, 18:1) and polyunsaturated 
30 (18:2n-6, 18:3n-3, 18:3n-6, 20:4n-6, 20:5n-3 and 22:6n-3). 
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Functional characterisation of the amino add sequence encoded by PIDQAT2-1 will 
bo perforated under protocols previously described (Lardizabal at al, 2001; Cases et 
a!., 2001, Zou €t at*> 1999). To this aim, DGAT activity will be assayed by 
5 incorporation of [1- W C] dlacylglycerol into TAG in Hie presence of several species of 
fetty acyl CoA substrates that are representative of fetty acida that partition to TAG in 
P. tutheri. TTwre Include: 14:0, 16:0, 16:1, 18:0, 18:1, 182, 18:4*20:5 and 22:6. 

The alga cells (2 ml of culture medium) were harvested during die experimental 
period by ccntrifbgation at 13,000 rpm for IS mint. Fifty tig of trlpentadecanoin 
(15-.0-TAG) woe added to the pellet as en internal standard. The pellet was then 
suspended in 1 ml of 2:1 chlotofonn:mefhanol (v/v) and frozen in liquid nitrogen. 
After 1 hour at 4°C, the cell debris -was discarded by ceartrlfugation and 03 ml of 
0.9% KC1 added to the supernatant After eeutriihgation, the bottom phase was 
transferred into a 2 ml Ependorf and the KC1 rinsed with 0.5 ml of chloroform. The 
chloroform phases were pooled and dried. The FA extract was suspended in 02 ml 
of hexane, and this volume was divided in 2 fractions of 0.1 ml. The first fraction 
was dried, and the lipid extract suspended in 0.2 ml of hexane. This represented the 
total lipid extract The second fraction was used to isolate the TAGs by hydrophobic 
chromatography. Bond Ehit (Varian) 1 ml solid phase extraction columns with 100 
mg Si packing were used to partition TAGs from other lipids in algal extracts. This 
protocol was adapted from a method described by Yongmanitchai and Ward (1992). 
The eluate was dried and the TAG extract suspended in 0.2 ml of hexane. The 
products of these two extractions were analysed by GC as described previously by 
Larson and Graham (2001). 

The same methodology will be employed to extract lipids and fetty acids from yeast 
30 cells in order to perform the functional analysis of TpELO 2.1, 2-2 and 2.3 and 
P IDES J following the feeding of different fetty acids as outlined above. 
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5 Hie first pass sequencing of 5,719 oDNA clonsa from a cDNA library prepared from 
P. lutheri resulted in me identification of 34 cDNA clones from a single gene which 
gives a predicted amino add sequence fhathaa rignULcant Identity with fcdy add 
elongase genes from a variety of oxgadsms. This abundance of copies of the 
elongase gene indicates that it is expressed at a significant level in P. lutheri cell* 

10 that are producing DHA. 

The sequencing of 5,719 cDNA clones from the P, lutheri Ubraiy also resulted in me 
identification of four cDNA clones from a single gene which gives a predicted amino 
add sequence mat has significant identity with fatty add desaturase genes from a 
15 variety of organisms (Figure 3a and 3b). This desaturase gene has been designated 
PIDESL 

The sequencing of 5,719 cDNA clones from me P. lutheri library also resulted in me 
identification of three cDNA clones from a single gene which gives a predicted 
20 amino add sequence that has significant identity with tatty acid desaturase genes 
from a variety of organisms (Figure 4a and 4b ). This desaturase gene has been 
designated PlDES 2. 

The sequencing of 5,719 cDNA clones from the P. lutheri library also resulted m the 
25 identification of twelve cDNA clones from a single gene which gives a predicted 
amino acid sequence that has significant identity with acyl-CoA synthetase genes 
from a variety of organisms (Figure 5a and 5b). This acyl-CoA synthetase gene has 
been designated PUCS1. 

30 The sequencing of 5,719 oDNA dones from the P. lutheri library also resulted in the 
identification of one cDNA done which gives a predicted amino acid sequence that 
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has significant identity with diacylglyoerol ftoyltranaferase 2 genes from several 
organisms (Figure 6a and 6b). This diacylglycetol aeytaansffarase 2 gene has been 
dosignated P1DGAT2-1. 

5 The ftU lengflx oDNA and protein sequence of PlELOl andPlBLOi is disclosed in 
Figures 7a. 7b, 7c and 7d respectively. 

The Tp EUXLA 9 2.2 and 2.3 genes were Identified by screening a Thalasjiostra spp 
genomic database which can be found Bt httpiZ/ww^i ftj-doe.gov/ with P1ELO 1 and 
10 PIEL02. 
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Claims 



1. A transgenic cell comprising a nucleic add molecule comprising a nucleic 
S acid sequence selected from the group consisting of. 

i) a DNA molecule consisting of a DNA sequence as represented In 
Figures la, lb or lc; 

ii) a DNA molecule which, hybridises to the sequences identified in 0) 
above and which encode a polypeptide which has fatty acid elongase 

10 activity; and 

iii) DNA molecules consisting of DNA sequences that are degenerate as a 
result of the genetic coda to the DNA sequence defined in (i) and (if) 

2. A cell according to Claim 1 wherein said nucleic acid molecule annuls under 
IS stringent hybridisation, conditions to the sequences described in (i), Qx) and (iii) 

above. 



3. A cell according to Claim 1 or 2 wherein said nucleic acid molecules axe 
isolated from an algal species. 

20 

4. A cell according to Claim 3 wherein said algal species is selected from the 
group consisting oft AmphicUrdum corterae, Amphiphora fjyaltna, Amphtphora sp. t 
Chaeioceros gracilis, Cosctnodtscus sp., Crypthecodinhun cohntU Cryptotnonas sp. 9 
Cylindrotkeca fusifbrmis, Hasten ostrearta, I&ochrysis gedbam NannochJoropsis 

25 ooulata, Navicula sp., Nftzschia chxtertum, Pavlova luthert, Phaeodactylum 
tricornutom* Prorocentrum minimum, Rhizosolenla setigera, Shehtonema costahan, 
Skeletonema sp. 9 Tetraselmls retrathele, Thatassiostra nitzschioides, Thalassiosira 
heterophorma, Thalassiosira pseudonana, Thalassiosira steltatis. 

30 
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5. A cell according to any of Claims 1-4 -wherein said polypeptide la a variant 
polypeptide and comprises the amino add sequence represented in Figure 2a, 2b, or 
2c which sequence has been modified by deletion, addition or substitution of at least 
one amino add residue wherein said modification enhances the enzyme activity of 

5 said polypeptide. 

6. A cell according to Claim S wherein said modified polypeptide has enhanced 
fatty add dongase activity 

10 7. A cell according to any of Claims 1-4 wherein sdd polypeptide comprises the 
PT ninn acid sequence represented in Figures 2a, 2b or 2c. 

8. A cell according to Claim 7 wherein said polypeptide consists of the amino 
add sequence represented in Figures 2a, 2b or 2c, 

IS 

9. A cell according to any of Claims 1-8 wherein said cell is trensfected with a 
nucldo add molecules selected from the group consisting of nuddc add sequences 
selected from the group consisting of. 

i) a DNA molecule consisting of the DNA sequence as represented in 

20 Figures la, lb or lo; 

u) DNA molecules which hybridise to the sequences identified in (i) 
above and which encode a polypeptide which has fatty add dongase 
activity; and 

iii) pKA molecules comprising DNA sequences that are degenerate as a 
25 result of the genetic code to the DNA sequence defined in (i) and (ii); 

combined with at least one of the nucleic add molecules selected from 

the group consisting of. 
tv) DNA molecules consisting of DNA sequences as represented in 

Figures 3a, 4a, Sa or 6a; 
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v) UNA molecules which hybridise to the sequences Identified in (i) 
above and which have desaturase, ecyl-CoA synthetase or 
diacylglyccrol acyltransferaae activity} 

vi) DNA molecules comprising DNA sequences that am degenerate as a 
5 result of the genetic code to the DNA sequence defined in (iv) and (v) 

above. 

10. A cell according to Claim 9 wherein said cell is a plant cell. 
10 11. A plant comprising a cell according to any of Claim 1-10. 

12. A seed comprising a cell according to any of Claims 1-10. 

13. A foodstuff product comprising a cell according to any of Claims 1*10. 

IS 

14. A foodstuff product according to Claim 13 wherein said foodstuff is selected 
ftom the group consisting oft wine; beer; bread* baking products (e.g. bread, cake); 
vegetable extracts. 

20 IS. A food stuff according to Claim 1 3 wherein said foodstuff is wine or beer. 

16. A fomentation process comprising a cell according to any of Claims 1-10. 

17. A fermentation process according to Claim 16 said process comprises the 
25 steps of: 

i) providing a vessel containing a cell according to the invention and 
constituents required for fonnentation and fatty acid biosynthesis; and 

iii) providing conditions conducive to the fomentation of the liquid composition 
contained in said vessel. 

30 

18. An animal feed product comprising a cell according to any of Claims 1-10. 
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19. A method of modulating the level of nr3 tatty add In a plam cell conwTiismg; 

i) providing a plant cell according to Claim 10; 
ty) regenerating the plant cdl into a plant; and 
v) monitoring n-3 fatty add production by said plant. 



20. A method for the production and optionally the extraction of n-3 fatty adds 
comprising! 

10 i) providing a cell according to any of Claims 1-10; 

ii) providing conditions condudve to the growth of said cell; and 

iii) extracting n-3 fatty acids, or variants thereof, from said oelL 

21. A method for the production and optionally the extraction of n-3 fatty add 

IS comprising: 

i) providing a plant cell according to Claim 10; 

ii) regenerating said cell into a plant; and 

iii) extracting n-3 fatty adds, or variants thereof from said plant 

20 22. A reaction vessel cormmsing at least one cell according to the invention, 
fatty acid substrates and co-factors characterised in that said vessd is adapted 
for the conversion of said fatty adds substrates to n-3 fatty adds. 
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Abstract 

Transgenic CeD 

5 We describe transgenic cells comprising nucleic sold molecules which comprise 
nucleic acid sequences which encode enzymes Involved in the biosynthesis of n-3 
fatty acids. 
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Tj>elo3.i, genomic DMA. aaquenee, aonpXete OR? 

)^O8Cft«aWG0TacaCCCMUVTTTX0*A)aOA^^ 

qqOQA M AC fl OgQAA ATATGTrCCCqT^^ R fflh ftATAAT tWrCTCgrniJUl 

SflrcrcggccECCcicicaoCTQcia^ 
c^coicwctccw^ca 

<**OCTQ«»CCACCCTCTCCTC^^ 

^CTOaaATCCOOTOBCCACCCTCACCTOOATOCkAflATOQTCCCATaATC 

oq ^CTTQAOCCTOTC3C1 , CTTCTC<STOQ^TTGQCCJC<^TCAOQ^0(<ICT 

OBnTOftTG CQqCQ QC(H?TCW^TOOani>TgTOTOgACGWCB^CTTTagaT^ 
AGTTCTTCATTTTOAOCARjOTTTCC ccu^ttgcttgulcactttcttcatt 

^WTCTTTTa CTATCJAATTGCTGC CTCAAAAACCteAACCTKJCTAOCRAAC 

cteaTTRACA^'^cauuunrrATrTCTTO 

TOTATCAXAAtoaAAAAeC^TTCTATTOftiaTTOT 

'~^^^CXTTACATTC13^CCACAQGAT0CTGGCTCTCT i EACCTCXTCAN 
JSC 

Tfreloa.l, cDSA sequence, complete OBF 
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Vignra za 

i*»BL02.i, amino aoid aaguanca from g.nomio dha, coraplefca ORff 

^Q31TS IPKECWSmjMVHYABFSCLHK^OAT^ 



TfcBLoa.i,. amino aoid aatfuaaas from 



OSBA. 
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figure lb 

Tpelo2.2, ge&omlo DBA. sequence, complete CRFJ 
OTQQTCTO^TO<KXITgQOTeOCTWOTVCTCCTXC(Wg<>TOGICCCCTgT 

™CAAOOCTQCAA!PQafta^^ 

fcwroOTTOKsreoacATa^eooTOTcinrrB^ 

VCTO^nOCAXCTATTCTAAkCS^C&CATCTaTVCACCTOOTZACGTXAC 
^^^CGTCrftCAACQTCTCCCAflATC ttTCCT^TO i niCCT3ueATQACTgT 

ATCMrrTCAraar^toOTccTcaoOT^ 

TATAlTTCCAAOOTOTQaaftCTTrT<30<5toA«» 
TTO CTOM <aTCTjaCTC^TOl^TTCiVTOOA^ 

AAOAaTaCTTAOATTQGAAAQaOOTOTC(00<!X^CX3AOCTTTCCTQTTaAa 

TOTTaATACTTTATTOTAAQGTACTOTTOOaAATTAATOJVOAOGOTACrrG 
AARaaAaAQATOAOTGTCTQTCARAACCK^lTOQ^^ 

O*CAAAQA0OTOTTG13iaA.TTOTATCCCCTGaogCAA(JTTAAC^^CA80 

TCCCTCATTCaawAMcaa^cecA^^ 



Figure 3b 

TPEL02.2, WRino acid sequence from genomic sua. 

^^NANVLYDGD I FLT XXiLNOF IHTVMYTYYPICMHTiaDPKXQKSI^ X WWKSBIj 
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figure io 

Tpeloa.3, geacrnlo oka dequeoa* (intron) - 

2WUMP 



Figure 3 a 

TpHL02.3, anting acid sequence from genomic dna 
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Nucleotide s ogateuso of PIDJSSJ . Tha potential «*rt wwtai is highlighted sad (bo 



QTSCOCCACCTO 




TTgOgC03 C CCT CC t ftT T QQCrCR A, 



COQCgCgC <roCQCCCTftTTTQC3WCCMCQQTQ 
qgVCqQTQCKCXCTPCqCTgTO 

q^TTaeQcaMwqaTOoaqwogCBCiCTcq^^ 
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Dftduood amino add eeqaenoe af&cPlDBSJ coding sequence. 

2J£E£2£ SSSSS* 1 «wtu«>Hi raarroi* 



— - — » — • iwtvu <OtU 

SS^S ESS? sEF 5355E 
£££££ S£££S SEES SS££££ 

S3ES SSSSSSS SST* 1 * -SSK? — SiSSSE 
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Sfenro -it: Nfacleotids fleqnaJce ctf ^ZQSS2. Two <p otesntial rtop co doori are a^^rttA 



c 



^tOT^Da&iood Knino add nqotaos Q f the i»ZB£SZ2 codias sequent The Srrt rtop codou considered ferfca 
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CGgkCBK X3 U^ «&Ce OOaCC3lflCO^ 

ococrTcrrcrcrocG^^ 

ATOCMCSOTOajSOOATXOCTOa^^ 
TGCTCH»CTCC©CAlSCC»CAC^^ 



Figure Deduced amino Mid seqaepee of tfio PUCSJ coding scquoaos. The first stop codou wad 
considered fbrlfc© ood of flio translation. 

^RVB.MMVAOdAPI»SADVQICFVQ6 G T-UTAPLRQOVOL T B T C A 
AtTLCAIiHDITTPB QV0PPQ59AGX 7ZrR&KBBGfNYS(VRD AW 
DPAXaWHROB IXiX$«PAVCLGYYV*r**A. PDAUVVXRWASD 

rvtiHwappcs ODXGQX'ffPS G C V Q i x d r jc x d 3& v k l q q o k 

yvn8KVa»ALKWSSHQIPtVYAL5SKnCIALLCPQBA 
AXRQLAASIiQrSGJCBLSflLCAaPQXVAAVLKDLQAQCZAA 
KJjAflFB!r?fl)Jl)XlVflDBKTVBF»MLTT«MKIKAKPlADaH* 
ASSXfAYYV 
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A<rroc<n«Tuu3U3iocATOaccwcrc^ _ 

0TTCACQTTCAT0C0C»38<ITCTACC6«J^^ 
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Ftguratib 



MAARAVXALV VSAPTAPVQI OVNfc&TffVOX TLPL1ALYXA 8YX1DQUUSVRV 

KRVRAKPAPfl HHFWJUPTOMft RVYRQRVHVP AOLEftBBQII LfcUtFHGSMA DYRAIU>OQX* 
LDLLPMJKHC MRWIAASVliF RIjPXVRBIiTL HTGCXDARR0 VABflALROCW SWVIiPGGEQ 
BQLRTKYORE SV»RKR70F VKLALRTOVP UVPOYVFOOV DLYHTflSlXF SAHBWIiVRfll* 
OVCVPVCim WVTOAPLAV PLHWIORPI KLPKfcJPBPTO HDVARAXjDQY XAALRAZiffDB 

raovRBcnoum elevc 
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Figure 7a 

TCACWKPTCOCAQATCC^ 

TCGCGQACCTCOCCCftOATCT<KFCCCTCGCTC 

OCOgWCTBCTTCBCSgqCgftCTAOgCTC 

acAOCTocacoAcancji^ 

G8CraCTOhCTTCOC3kCCTQQCiKXCC(M ITTCOftTQQCGQC 
GQCSCQC^OG^TTOQjySACI^TO^ 

ATOUtCakOttlkGCg^TQJ^^ 
CMCTCWkXCCACCTCOC^ 

CHCoacoccaccGTCCTCCicrccra^ 

CQTCOQC3U3QCACftMOOCOCT 

ACOTGOGC<JTaC<5CCTQTCGAlVAaACO 

CTCGOaCCTCTOJOTCTW^ 

ao<&c3cxacao99TGCTCGACGCGcroc 



CaOCMCATCCQQCaSOaCCACAAGGTCTCOC;^^ 

AaTCACACTOACOAGTGCQaTVO^ 
CTTCACTOTCACTC^^ 

OTGrocarocTawcOTa^ 
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Figure 7b 

MAAPT3PY0A BSPRAAYAYP HRAHVJWSBa 
EPP2CCTVADL ABIWH8LCXD VASAPAIiTAV 
D008L8ATSD FFHSTITBCa WCDSBVDFQ 
F8NAAARKBF BTWFTTVDB LIAKTOVKPR 
5VQ8Y8LGOM GCSAOfcieXB LAKDLLQVYP 
SWWOAAVLL SGRHADRRVA BTYQLLHTVRT 
MKCAGAAMKT tfXSVLAPLII, FVBBQVRFXA 
TGGRAVLnAL OAttLSLSDYY LEPBRYSLWR 
IOTQSOF3CCN BAVWRACRAH P 



*RVX*DBGVHP X1VXBS8QILA AAttVXAAVKf 
AVLLLaWAIi RHFRFVYItVD RATWdXAnDK 
MKLFBRMQX0 BRCYPPPGIR AYRXOfcRDFD 
DIDXLWttCd LPNPTPflliAA XVXNHYQMKD 
RXRAXjVXOTS NITQMFYQOT SR8MZ.ISNTL 
HKOADPDAYR CVFQBZDKAO HVOVRI.BKDV 
NYVARKWLRM KSVKKjyvror TTAVQHPdK 

waaavasAsvw vsxdDwiaacBG rzrropkvho 
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Figure To 

0CAC0AQreCT00T0CeaAA3T^ 

TRCCOACGT ACGACQAG TTI\3TCGATQ<JQCTTTCGTT COTCGAC CGCOAO 

JSC^TCTCQQTOttCA^^ 
MTOAOSCCCORCCACW»TC3«fCOC^^ 

<»CfcCTTTCOrcQTOQCT7raCACGTGO^ 

«fi«cocoocTCC«QftcacAo<»caioooocaococ^ 

GGGCT»OTTaSCTT<^^ 
<*^£^JKCACCAOGTCAC^^ 

^CCGCAAOCTCOTecOGCCQTACOCO^^ 
OOTOOCTCGOOCIACWK^T^WU^^ 

^^^^^^^^ATIAMCEACTCCIA0AvXTTTC}3CTTTQTO0TTCCeWJUt 



Figure 7d 
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